SUMMARY Factors which may predispose to ventricular fibrillation were assessed in 48 consecutive patients who developed ventricular fibrillation outside hospital after the arrival of a mobile coronary care team. Before the initiation of ventricular fibrillation, late cycle ventricular extrasystoles were recorded in 38 patients (79%) and R on T extrasystoles in 27 patients (56%). R on T extrasystoles were relatively infrequent-an average of three occurred during a mean monitoring time of 27 minutes. Multifocal extrasystoles occurred in only three patients (6%), consecutive extrasystoles in 14 (29%), and self-terminating ventricular tachycardia in three (6%). Ventricular extrasystoles occurring at more than five a minute were uncommon during this phase. The time from "warning arrhythmias" to the development of ventricular fibrillation in many patients was short, thus limiting the administration of antiarrhythmic agents. There was a significant increase in the heart rates recorded immediately before ventricular fibrillation when compared with those documented initially. Thus, an increase in heart rate appeared to be a predisposing factor in the initiation of ventricular fibrillation.
During the early minutes or hours after the onset of myocardial ischaemia or infarction, ventricular fibrillation is the major complication. The majority of patients are in ventricular fibrillation when first seen by prehospital units. Thus, it has been found' that among patients with primary ventricular fibrillation (fibrillation in the absence of pump failure or cardiogenic shock) during the first hour of myocardial infarction, 82% were in ventricular fibrillation before the mobile team arrived. Nevertheless, in order to assess factors that may initiate ventricular fibrillation, we decided to review the data on patients who developed it outside hospital after the arrival of the Belfast Mobile Coronary Care Unit.
Patients and methods
Between October 1972 and April 1977 we studied consecutively patients who developed ventricular fibrillation outside hospital. On arrival of the prehospital unit, the patient was immediately connected to Accepted for publication 2 September 1981 an oscilloscope, and a two channel tape recorder. One channel allowed continuous recording of the electrocardiogram, the other, a speech channel, permitted the frequent documentation of blood pressure recordings by sphygmomanometer, and the time at which drugs were administered. A "Venflon" cannula was inserted into a forearm vein for the intravenous administration of drugs.
Treatment given by the family doctor, for example analgesics, atropine, or lignocaine, was recorded. We excluded from the study patients with ventricular fibrillation or sustained ventricular tachycardia when first seen.
Electrocardiographic monitoring was continuous during transport and for 10 minutes after the patient arrived in the hospital coronary care unit. Blood pressure was recorded on arrival with the patient, and at intervals before the patient was moved.
A permanent record of the electrocardiogram was obtained from tape recordings, and several specific heart rates were documented: (1) The heart rate when the patient was first seen and connected to the tape 56 ceding ventricular fibrillation (preventricular fibrillation). (3) The heart rate immediately before transfer in patients who developed ventricular fibrillation while being moved, or in the ambulance during the journey to hospital (premovement Routine treatment before the acute incident consisted of beta-blocking agents in three patients, Adgey, Devlin, Webb, Mulholland methyldopa in two, guanethidine in one, and glyceryl trinitrate in one patient. Before ventricular fibrillation, 37 patients received analgesics either from the family practitioner or from members of the mobile coronary care unit. Antiarrhythmic, vagolytic, and beta-sympatholytic agents administered intravenously and before ventricular fibrillation were atropine (eight), lignocaine (three), sotalol (two), atropine and practolol (atropine 0*6 mg, practolol 10 mg) (two), and atropine and sotalol (atropine 0*6 mg, sotalol 10 mg) (two). Atter the administration of atropine or beta-blocking agents no patient developed tachyarrhythmia with or without hypertension or bradyarrhythmia with or without hypotension.
On arrival of the mobile team, 25 patients were in sinus rhythm, 10 had sinus tachycardia, 10 had sinus bradycardia, two had atrial fibrillation, and one had second degree atrioventricular block. The blood pressure was recorded on arrival in 42 patients. In six patients it was not possible to take a blood pressure recording since the speed of development of ventricular fibrillation precluded the estimation of the blood pressure. The range of systolic pressures was 60 to 195 mmHg (mean 124 mmHg). The rhythm and blood pressure recorded immediately before the initiation of ventricular fibrillation showed that 27 patients were in sinus rhythm, 12 had sinus tachycardia, and two sinus bradycardia. Five had atrial fibrillation. Idioventricular rhythm was present in one and ventricular tachycardia in one. Both were selfterminating. Blood pressure was recorded in 41 of the 48 patients; the systolic blood pressure varied from 75 to 200 mmHg (mean 125 mmHg).
The range of the initial heart rates and those before ventricular fibrillation are recorded in Table 1 . There was a significant increase in the heart rates immediately before ventricular fibrillation (paired t test of the differences between the initial and preventricular fibrillation heart rates, p<0001). On excluding those patients who had received atropine or a beta-blocking agent, the p value was still significant (p<0-01). Fig. 1 shows the distribution of the initial and preventricular fibrillation heart rates. An increase in heart rate is shown for the majority of patients. In 12 of the 48 patients, ventricular fibrillation occurred during movement of the patient from the position when first seen (Table 2 ). There was a significant increase between the initial and premovement heart rates and between the initial and preventricular fibrillation heart rates. Extrasystolic activity preceding ventricular fibrillation but excluding that initiating ventricular fibrillation was recorded (Table 3) . Seventy-nine per cent had late cycle extrasystoles and 56% had R on T extrasystoles. Consecutive, multifocal, bigeminal ventricular extrasystoles, self-terminating ventricular tachycardia, and atrial extrasystoles were relatively Multifocal ventricular extrasystoles 3 6 Bigeminal ventricular extrasystoles 3 6 VT (self-terminating) 3 
6
Atrial extrasystoles 3 6 No extrasystolic activity 6 
12
Consecutive An R on T extrasystole initiated ventricular fibrillation in 33 of the 48 patients (Fig. 4) . In three patients a late cycle ventricular extrasystole gave rise to ventricular fibrillation, idioventricular rhythm in a further three, and ventricular tachycardia in nine (Fig. 4) .
Twenty-nine (60%) had an isolated episode of ventricular fibrillation and 19 (40%) had one or more episodes of ventricular fibrillation outside hospital after correction of the initial episode. Thirty-five (73%) patients survived to leave hospital. (Fig. 5) . Sustained ventricular tachycardia is rare during the early phase of acute myocardial infarction.' " In this study, selfterminating ventricular tachycardia before the development of ventricular fibrillation occurred in three (6%/) patients.
Discussion
T'he time from the development of "warmning arrhythmias" until ventricular fibrillation in many cases was very short and this precluded the institution of antiarrhythmic therapy. It therefore calls into question the significance of "warning arrhythmias" in the administration of antiarrhythmic therapy.
Major controversy still surrounds the initiation of ventricular fibrillation. Clinical significance of the vulnerable phase (R on T) was first emphasised by Smirk and Palmer. ' In a study of long and short term survivors from out-of-hospital ventricular fibrillation5 it was found that acute myocardial infarction was present in only 39%, and ischaemia without infarction in 34%. In long term survivors of out-of-hospital ventricular fibrillation, myocardial necrosis based on electrocardiographic or enzyme studies was present in 49.5%, and only 17% had an acute transmural infarction. 4 In 50.5% of their patients there was no evidence of myocardial necrosis. Of the group in ventricular fibrillation when the Seattle unit arrived, myocardial necrosis was present in 42% and only 1O0/o showed acute transmural infarction. In contrast with those who developed ventricular fibrillation after arrival of the unit, 79% had evidence of myocardial necrosis, and 500/o showed acute transmural infarction. In our study where ventricular fibrillation occurred after the arrival of the unit, 96% of short and long term survivors had an acute myocardial infarction. The minimum time from onset of symptoms to the development of ventricular fibrillation was 32 minutes. No patient suffered instantaneous death. It is impossible to say, therefore, that the factors leading to ventricular fibrillation in this group of patients would be identical in those who die instantaneously.
In this study more patients had an anterior than a diaphragmatic infarction. In two studies"I 15 anterior infarctions dominated and in another study5 lesions of the anterior wall dominated, yet in one report24 there was a predominance of inferior infarctions. In an earlier study from Belfast, of ventricular fibrillation outside hospital, there was an equal incidence of anterior and inferior infarctions.3
